Christian Nicollet, Valérie Bosse, Maria Spalla. Eocene ultra high temperature (UHT) metamorphism in the Gruf complex (Central Alps): constraints by LA-ICPMS zircon and monazite dating in petrographic context.. 2018. hal-01764420 1 The Gruf complex in the Lepontine Alps is one of the rare occurrences of Phanerozoic UHT 9 metamorphism in the world but its age is still a matter of debate. Here we present LA-ICPMS 10 dating in petrographic context of zircon and monazite from an UHT restitic granulite. Zircons and 11 monazites are both included in large crystals and in retrograde symplectites. In such restitic rocks, 12 partial melting or fluid interactions are unlikely precluding resetting of the monazite chronometers. 13
Introduction 25
The Gruf complex in the Lepontine Alps is one of the rare occurrences of Phanerozoic UHT 26 metamorphism in the world, discovered in the Val Codera by Cornelius (1916) , Cornelius & Dittler 27 (1929) , and described by Barker (1964) , Wenk et al. (1974) . Because occurrences of UHT 28 metamorphism are mainly of Precambrian age (eg Harley, 1998; Brown, 2007; Kelsey and Hand, 29 2015) , this area is of major interest to understand the geodynamic signification of such extreme 30 metamorphic conditions. Indeed, the main difficulty in understanding the geodynamic significance 31 of UHT metamorphism is that Precambrian UHT granulites are often preserved in small-scale 32 The primary crystals of the residual/resister granulite are millimetric to plurimillimetric. The peak 139 UHT paragenesis was: Al rich-Opx -Sil -Spr -Bt -Grt -Crd -Rt -Ap -Zrn -Mnz (Fig. 2a) . Here 140 again some tiny inclusions are rarely present. Detailed observations of the mineral associations 141 reveal complex relationships with (at least) 2 generations of Al-rich orthopyroxene, sillimanite, 142 cordierite and sapphirine ± spinel ± biotite, garnet and rare inclusions of quartz, rutile and apatite. 143
Secondary minerals are abundant. Except for orthopyroxene, the chemical composition of the 144 minerals does not change much and the crystals are weakly zoned (Table A supplementary  145 material). Garnet is almost pure almandine -pyrope solid solution with a slight decrease of pyrope 146 relative to almandine at the rim of the crystals (from the core to the rim: XPy: 48-46 %; XAlm: 42-147 45 %). Grossular and spessartine contents are low: XGrs: 2.2-3.1% and XSp: ≤1%. Opx is Al2O3-148 rich and zoned (core: 7.5-8.6% and rim: 5.5 to 7 % Fig. 3 ). Biotite is Mg-(XMg: 75-80%) and Ti-149 rich (TiO2: 2.6-3.6%). Cordierite composition is homogeneous both in primary minerals and in 150 symplectites. Galli The secondary symplectites in the granulites are varied and complex, with Spr, Sil, Crd, Opx ± Sp. 153
Spinel is hercynite -spinel solution, homogeneous in composition. Two main reactions dominate 154 (Fig. 2b-c) : Sil 1 phenocrysts are surrounded by Spr 2 + Crd 2 in contact with Opx ± Bt; the garnet 155 is destabilized into symplectites of Opx 2 + Crd 2. These two reactions indicate a pressure decrease. 156
Al2O3 content in Opx 2 is between 7.4 to 5.9 % similar to the rims of the primary phenocrysts (Fig. 157 3) whereas the XMg is slightly lower than in the primary crystals. Primary Opx probably continues 158 to grow at the beginning of the retrograde evolution during decompression, while garnet is 159 destabilized. This suggests that primary paragenesis and retrograde symplectites are the product of a 160 single metamorphic event. These retrograde textures demonstrate a re-equilibration of the UHT 161 peak assemblages at lower metamorphic conditions: 720-740 °C at 6.5-7.5 kbar which starts with a 162 decompression and continue with a temperature decrease (Galli et primary phenocrysts are resorbed grains and seem to be relictual (Fig. 4a) . Cathodoluminescence 174 images (CLI) show that most of the grains display a large inner domain with usually oscillatory or 175 rarely complex zoning (Fig. 4b -c) . In zircon included in the cordierite or biotite, this inner domain 176 is sometimes surrounded by a thin rim (<5 µm to 15 µm) with euhedral faces and bright in CDI 177 (Fig. 4c ). U and Th contents are variable (150<U< ~4860 ppm and 4 <Th<1180 ppm; Table B  178 supplementary material) with no correlation with the internal structure nor ages (see the next 179 section). As a result, Th/U ratios are also variable (0<Th/U<0.50) and not related to the different 180 zircon domains (i.e. oscillatory zoned inner domain or external rim). 181
Monazites are 50 to 150 µm in size and are present in the core of large Spr, Opx, Crd crystals or 182 form clusters of small grains (10 to 40 µm) in the late symplectites. The shape of the grains varies 183 from large rounded grains to small elongated ones with rarely indented grain boundaries (Fig 5b  184 and 6a), without any correlation with the textural position. Rare inclusions are needles of sillimanite 185 (Fig. 6a) . All the grains are strongly zoned (Table 1) . Chemical variations of the LREE-, Th-and 186
Ca-contents broadly follow the brabantite substitution (2REE 3+ = Th 4+ + Ca 2+ ). ThO2 content varies 187 from 1.3 to 10.8 wt%. Y2O3 and UO2 contents are highly variable (from 0.1 to 5.5 wt% and from 188 0.2 to 3.5 wt%, respectively) and inversely correlated. These variations are clearly related to the 189 zonation of the sample ( largely predominant in monazite, allowing small spots (7 µm) to be performed during laser ablation. 208
Secondly, U decay series could be in disequilibrium in young monazites (Schärer, 1984) Carboniferous core and the narrow Cenozoic rim (<5 µm to 15 µm) due to analysis of distinct 224 adjacent domains; ii) they result from Pb loss. Indeed, in some of the grains the U content is high 225 (U> 1000 ppm). Such a high U content could be responsible for radiation damage of the crystal 226 lattice especially in Paleozoic zircons and induce Pb loss. This results in younger core compared to 227 the rim as observed in Figure 4b . With the aim of limiting these two effects and to better restrict the 228 range of the oldest ages, we decide to only consider the ages which were measured i) in the zircon 229 crystals which do not present the luminescent rim on the CLI, ii) measured in domains with U 230 content ≤1000 ppm. By doing this the scattering of the 206 Pb/ 238 U ages remains between 247 ± 6 and 231 304 ± 12 Ma (Fig. 8d) . The second group of ages between 30 ± 1 Ma and 34 ± 2 Ma has been recorded in euhedral rims 258 from some of the matrix zircons. Most of the zircons included in the primary phenocrysts do not 259 present such a younger rim (Fig 4 b) (Fig. 6a) or charnockitic (Fig. 6b) paragenesis. The Y-rich overgrowth observed in some monazite 270 grains which could be related to the garnet destabilisation do not yield younger ages (Fig. 6a) . assess. Two processes can be proposed: crystallisation from a mineral precursor such as allanite or 335 apatite, or complete recrystallisation of an earlier monazite generation, possibly late Carboniferous 336 -Permian in age. We have no textural evidence of allanite nor apatite-monazite relation in our 337 sample suggesting that these minerals participate to the reaction inducing monazite crystallisation. 338
On the other hand we did not observed nor suspected the presence of older domains in the 339 monazites that we analysed, suggesting the partial recrystallisation from previous monazite. 340
However, the differences in chemical composition, but identical ages, between the monazites of 341 charnockite and granulite domains (Fig. 7) brief. This UHT metamorphism is contemporaneous with the Bergell tonalite-granodiorite intrusion 372 dated between 33 and 28 Ma (Berger et al. 1996) Table 1 : Electron microprobe analyses of the monazites. G = granulite domain; Ch = 678 charnockite domain. 
